Abstract: Based on the fact that the weather bureau currently does not provide solar irradiance forecast data, which is a key parameter to predict energy where photovoltaic (PV) is generated, a practical and indirect solar irradiance prediction model that is based on the RBF neural network and input by several of hourly sequences is proposed. In this paper, the model is built by using UV index sequence, theoretical extraterrestrial irradiance sequence, sequence of air temperature, sequence of weather types and historical solar irradiance sequence. The network is trained by GP-RBF algorithm to forecast the solar irradiance in a period of time to the future by dividing conditions into four types. The experiment results show that, when compared with the other forecasts and the real curves, the new model, which is based on UV index and theoretical extraterrestrial irradiance hourly sequences, is practical and highly accurate.
Introduction
PV power generation plays a prominent role in the reduction of environmental pollution, improvement of energy structure, and the relief of the energy crisis and other aspects, which has become an important direction in renewable energy utilization. However, the solar irradiance is the major factor that affect PV power generation, resulting in instability and randomness that makes the photovoltaic power intermittently and volatile. Large-scale PV grid connected to the management and safety of power system brings problems [1] , and it's extremely important for the prediction of PV power generation and its plan, operation and control to forecast solar irradiance. Now all the countries in the world are to explore ways to predict the intensity of solar radiation accurately. At present, short-term researches on the method for prediction of solar irradiance are mainly about regression analysis, time series and neural network which has better prediction ability at home and abroad [2] . Because now it is difficult to get the direct and short-term prediction of solar irradiance, in this paper, a practical, indirect prediction model based on RBF neural network and hourly solar irradiance of the input sequence is proposed.
The general idea of solar irradiance forecast
Because ultraviolet rays are a part of the solar radiation, usually when the solar radiation is intense, so are the ultraviolet rays, and the different weather types can reflect different solar radiation intensities. The UV index and types of weather forecast data reflect different seasons, different weather types of solar irradiance. Thus, we use the UV index and weather types forecasted to indirectly predict solar irradiance [3] .
Extraterrestrial solar irradiance reflects the rotation and revolution information of the earth, can also be inputting constraint, and by hourly weather we can get the weather type sequence and 3rd International Conference on Material, Mechanical and Manufacturing Engineering (IC3ME 2015) temperature series and UV index sequence forecasted in next day, so it doesn't matter to build prediction model by sorting the season and weather patterns. Hourly weather data can be acquired in the www.accuweather.com. Due to the fact that night solar irradiance is 0, in this method, the predicted sequence from 6 a.m. to 7 p.m. is considered only in a local day in order to reduce the calculation amount [4] .
Extraterrestrial solar irradiance refers to the theoretical strength solar radiation not by any occlusion and reflection has arrived at the earth's surface strength theory, the theory of extraterrestrial solar irradiance in the accurate calculation day of prediction at 6 a.m. to 7 p.m. is to ensure the solar irradiance forecast accuracy [5] . (1) In Eq. 1, sc E refers to the solar constant,
, R refers to the sun earth distance, R refers to the correction factor of the sun earth distance, h refers to the Angle of the sun.
Establish the forecasting model
The RBF neural network is a kind of three layer forward network, which is composed of the signal source nodes, whose topological structure is shown in Fig. 1 . The transformation function of the hidden layer unit is a non-negative nonlinear function of the local distribution, and the radial symmetry of the central point is attenuated. The unit number of the hidden layer is determined by the need to describe the problem. The output of the network is the linear weighted sum of the output of the hidden units. The input space of the RBF neural network is nonlinear, and the transformation from the hidden layer to the output layer is linear [6] .
The basic idea of RBF neural network is the radial basis function which is used as the basis of the hidden layer unit to compose the hidden layer space. The radial basis function of RBF neural network is usually used as the Gauss function shown in Eq. 2. The output of the RBF network is a linear combination of the hidden layer nodes which is shown in Eq. 3. 
At this stage, there are lots of solar irradiance prediction models of neural network shown in Fig.  2 (a) . When selecting input variables, more considerations are paid to historical solar irradiance sequence, temperature, season and weather type in the forecasting day without taking the degree of solar radiation and most directly related to the parameters into account [7] .
For the faults of non-hourly input sequence prediction model, a practical hourly input sequence prediction model is proposed, as shown in Fig. 2 (b) . We select input variables, add temperature series, weather type sequence, UV index sequence and extraterrestrial solar irradiance in the forecasting day. Its main features are shown as below: (1)The forecasting sub models are established not by the season and weather patterns, but by using hourly weather forecast data. 
Training network
RBF neural network training process constantly adjust the process on the network parameters, until the errors between network output and the desired output are sufficiently small, the training process of the network means the end. RBF neural network can be seen as the curve fitting of the multi-dimensional space, for RBF network training can be regarded as to find a best fitting surface in a multidimensional space, generally can also understand for using the multidimensional curve to interpolate test data. The three parameters of RBF network need to be solved, the center of the RBF network, the width of the RBF network, and the weight of the RBF network [8] .
In this paper, we use GP-RBF algorithm to complete the training of RBF network, shown in Fig.  3 , GP-RBF algorithm is a kind of online supervised learning algorithm with structure and parameters of RBF neural network. The structure and parameters of RBF neural network, by using the concept of neuron sensitivity, combined with the method of hyper sphere clustering, establishing a novel increasing and deleting rules to determine on line [9] . EXIS is extraterrestrial theory irradiance sequence, the UV is ultraviolet sequence, the WT is weather type sequence (sunny 0, partly cloudy 1, cloudy 2, light rain 3, moderate rain 4, heavy rain 5), ET is the sequence of atmospheric temperature, Si is solar irradiance sequence, Si' is the solar irradiance sequence the day before today, X is the input of the model, Y is the output of the model.
If there is a sample of M groups, the M X is the input vector group, and M Y is the output vector group. Before the training, M X and M Y should be normalized processing in order to reduce the network error. Network training effects is shown in Fig. 4 , implicit layer node number from 0 to gradually increasing, when the hidden layer node number is up to 8, the network target error approaches 0, which indicates that network output can be a very good function approximation [10] . 
Forecast result analysis
By using hourly input sequence prediction model to predict the solar irradiance, we analyze and predict results through whether hourly weather forecast accuracy. If from 6 a.m. to 7 p.m., there are at least more than 11 period weather forecast, we define weather forecast accurately, if only 8~10 period of time, weather forecasts is defined more accurately, only 5~7 period of time, weather forecasts is defined less accurately, 4 or less than 4 period of time weather forecasts is defined not accurately.
(1) The weather forecast is accurate 2014.8.5 take the solar irradiance as an example, in the forecast day solar irradiance curve and the real solar irradiance curve are shown in Fig. 5 (a) , MAPE=5.6% . (2) The weather forecast is more accurate 2014.7.31 take the solar irradiance as an example, in the forecast day solar irradiance curve and the real solar irradiance curve are shown in Fig. 5 (b) , MAPE=8.2% . As shown in Fig. 5 (a) , (b), (c), in accurate, more accurate, less accurate weather forecast, the predicted curve matches the real solar irradiance curve. In individual sessions of the weather forecast which is not accurate, predicted values deviate little. As shown in Fig. 5 (d) , in inaccurate weather forecast, the prediction curve and the real solar irradiance curve deviation is not much. That theory of extraterrestrial irradiation value plays a good role in limiting. Using combination of the UV index and weather types parameters can better reflect the real solar irradiance. 
Conclusion
In this paper, by analyzing the factors affecting the solar irradiance, a solar irradiance forecasting model based on the RBF neural network and input by several of hourly sequences is proposed, five kinds of sequence to establish RBF for training are selected. According to the degree of weather forecast accuracy，the model is established to predict the future solar irradiance in four different conditions for a period of time. The results show that the solar irradiance forecast curve fits the real curve in basic, and has high reliability. Especially in the case of objective forecast is not accurate, forecasting curve deviation is small. As a result, the prediction method is simple, practical, reliable, highly prediction accurate, and has new significance to the forecast of solar irradiance especially the forecasting accuracy of photovoltaic power generation, which is suitable for promotion.
